Antigen-and lectin-stimulated lymphocyte cultures have yielded supematants containing a variety of lymphokines (15, 20) . In some cases, lymphokine-like activities have been associated with nonlymphoid cell functions (17, 28) and with cytophilic antibody (1, 8) . Satisfactory characterization of such agents first requires an adequate preparative fractionation, and second requires the development of specific assays for each lymphokine. This report deals with the preparation and assay of fractions containing mouse macrophage migration inhibition factor (MIF), macrophage spreading factor (MSF), and a fraction that inhibits the spreading of macrophages (macrophage spreading inhibition factor, MSI).
Techniques thus far reported for the preparation of lymphokines are time consuming and designed primarily as analytical tools for the study of a few specialized activities. By using Sephadex sieving, Yamamato and Anacker were able to detect albumin-size mouse MIF free of gamma globulin (30) . Dumonde et al. purified guinea pig MIF by using diethylaminoethyl cellulose adsorption and elution followed by Sephadex fractionation (6) . Sephadex filtration followed by acrylamide disc electrophoresis provided Remold et al. with adequate yields of MIF to characterize the substance by molecular size and charge (23) .
Using a simplified procedure for lymphocyte supernate fractionation by preparative gel electrophoresis, we have found at least two antagonistic but separable activities (MSF and MSI) which may coexist in unfractionated supernatants. Since MIF is the most fully characterized lymphokine to date (2, 18, 19, 21, 22) , we also felt it important to determine whether MIF derived from mouse cells has characteristics similar to those described for MIF from guinea pigs and humans.
MATERIALS AND METHODS
Infection of mice. Six-to 8-week-old outbred female mice (Swiss-Webster, code ROR) were inoculated intravenously with 5 x 101 viable cells of Brucella abortus strain 19 (Weybridge) 21 days prior to sacrifice. Three days before sacrifice, four randomly selected mice from both infected and control groups were tested for the development of delayed-type hypersensitivity (12 (9) . The adjusted volume of the cell suspensions generally ranged from 3 to 6 ml for spleens obtained from uninfected mice and from 10 to 12 ml for spleens from infected mice. Cells obtained from different animals were not pooled.
The cells were incubated statically at 37 C in a humidified atmosphere of 5%c CO2 and 95% air for 24 h. After incubation, the supernatant fluids were collected, and the viability of the cultures was checked. Supernatants from spleen cells of similarly treated donors were pooled and centrifuged for 10 min at 160 x g. The pellets were discarded and the supernatants were passed through a sterile prefilter and double membrane (Millipore Corp. The density of the sample to be fractionated was increased by adding sucrose (10% wt/vol). A sample of 1 to 2 ml was carefully layered onto the surf'ace of' the stacking gel. A current of 1 to 3 mA at 45 V was used until the sample had completely entered the stacking gel; current was then adjusted to 12 mA at 200 to 250 V for the remainder of the run. A fraction collector was used to collect :3 ml every 12 min, and the absorbance of' each f'raction was measured at 260 and 280 nm by using a spectrophotometer.
Fractions were pooled and thoroughly dialyzed against 100 volumes of double distilled water for 36 h at 4 C. The dialyzed pooled fractions were concentrated by evaporation and then diluted with doubledistilled water to give an optical density (OD) of' 0.9 at 28t) nm. The fractions were passed through a 0.40 gm pore diameter sterile Nucleopore filter (General Electric Corp.), aseptically placed in tubes, heated to 56 C for .30 min to destroy any complement activity, stored at 4 C, and used within 7 days. Cell migration. Stimulated mouse peritoneal exudate cells were obtained from uninfected 6-to 10-week-old f'emale mice, as previouslv described (25) . At
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INFECT. IMMUNITY least four capillary tubes of peritoneal cells could be prepared from each animal. Three capillaries from each mouse were cultured separately in 3 ml of medium to which 0.5 ml of a different pooled fraction was added. The fourth, a control, was incubated in culture medium to which 0.5 ml of distilled water had been added. The culture medium consisted of NCTC 135 plus 15% heat-inactivated normal guinea pig serum and antibiotics as described previously. The capillaries from up to four different animals were cultured in the same vessel so that one pooled column fraction could be checked for MIF activity against cells from different mice. In addition, cells from each mouse were used to check the effects of up to three different column fractions on migration. This procedure effectively increased the number of' replicates per fraction and reduced variation due to differences between mice. In order to avoid complications from such phenomena as the mixed leukocyte reaction, the peritoneal exudate cells from different mice were never mixed in the capillaries. Migrations were allowed to proceed for 24 h and then were measured as described previously (25) . No preincubation step was necessarv for these indirect tests for MIF activity in contrast to the direct tests previously described (25) .
Macrophage spreading assays. Peritoneal cells were obtained from uninfected mice, without the use of a peritoneal irritant, and were used to test the effect of each pooled gel fraction on the spreading of macrophages. The cell donors were sacrificed by cervical fracture, and 3 ml of medium NCTC 135 with antibiotics was injected intraperitoneally. The peritoneal fluid was removed aseptically and immediately placed into the wells of a plastic tissue culture dish (Falcon no. 3034). The cells were incubated for 20 min at 37 C in a humidified atmosphere of 5%,, CO2 and 95Y'c air. This is sufficient time for most adherent cells to become attached to the bottom of each well. After rinsing the tissue cultures with Hanks balanced salt solution (HBSS, Grand Island Biological), to remove nonadherent cells and other debris, each well received 20 gliters of NCTC 135 with antibiotics. Test wells then received 4 gliters of a designated pooled gel fraction, whereas control wells received a similar amount of sterile distilled water. The cultures were incubated 24 h under the conditions described above and then were observed for the degree of macrophage spreading with a phase-contrast microscope at x400. Cells which appeared to have one or more processes were counted as spread macrophages. Cells which appeared circular or oval and had no processes were considered unspread. The fraction of spread macrophages was determined by counting at least five randomly chosen microscopic fields (20 to 50 cells) of' each well. The results were expressed as percent spreading by using the f'ollowing formula: % Spreading = number ot'spread macrophages. When the cells were allowed to incubate an additional 24 to 48 h, nearly all (90 to 95%7) spread. This is further confirmation that the adherent cell population is mainly composed of macrophages. Macrophage viability was monitored as described below except that after the counts were done, the wells were flooded with the trypan blue solution and examined directly.
Cell viability. Cell viability after incubation was assessed by the exclusion of trypan blue (13) . Spleen lymphocytes and peritoneal exudate cells exhibited approximately 95%r viability after 24 h in culture.
Assay for SRF and residual antigen. To check for the presence of skin reactive factors (SRF), uninfected mice were injected with 0.05 ml of one column fraction in one hind footpad. To check for the presence of residual antigen in pooled gel fractions, mice infected 3 weeks previously with B. abortus strain 19 (Weybridge) received similar injections. Our experience has been that we can detect as little as 13 mg of a purified preparation of brucella antigen per ml by this method (unpublished data). Control animals were injected with 0.05 ml of double-distilled water or saline, as applicable. Footpad thickness was measured at 6, 12, and 24 h.
Analysis of results. A statistical analysis was performed. Mean values of migration and spreading inhibition were compared by using Fisher's least significant difference (27) . The effects of each fraction on macrophage activitv were considered significant if differences were detected at P < 0.05 when compared to controls. RESULTS Separation of lymphokines. Figure 1 shows the elution profile obtained from the culture supernatant from antigen-stimulated spleen cells (obtained from sensitized mice) subjected to electrophoresis on acrylamide gel. Only the absorption pattern obtained at 280 nm is shown. The readings obtained at 260 nm did not differ significantly from those at 280 nm except for fraction III, which is undetectable at 260 nm.
Note that there are five peaks labeled I through V. For comparison, Fig. 2 shows a typical elution profile for normal guinea pig serum fractionated in the same manner. All the peaks from the culture fluid (Fig. 1) except fraction III correspond to absorption peaks obtained by fractionating normal serum (Fig. 2) Tube contents were pooled as previously described and shown in Fig. 1 and 2 Macrophage migration. The average migration of cells obtained from eight different animals relative to control cultures is shown for each column fraction in Table 1 . The only fraction to give significant (P < 0.05) inhibition of migration repeatedly was fraction III. This marked inhibition occurred only when the fraction was derived from the supernatant of antigen-stimulated spleen cell cultures obtained from infected mice.
Occasional inhibitory activity was detected in fraction III derived from the supernatant of antigen-stimulated spleen cells obtained from uninfected mice, as indicated by its large standard error of the mean. It appeared to us that nearly all cultures treated with fraction V showed somewhat greater areas of migration than those treated with any other fraction, but the statistical analysis used does not support this observation. These two observations are discussed below.
Macrophage spreading. The ability of pooled column fractions to induce macrophage spreading was examined, and the values obtained in a representative experiment are shown in Table 2 . The only fraction to significantly (P < 0.05) promote spreading was fraction III originating from the supernatant of antigenstimulated spleen cell cultures obtained from infected mice. Fraction V originating from the same donor, on the other hand, was the only fraction to significantly (P < 0.05) inhibit spreading. In the case presented, fractions II and IV, but not fraction V from normal guinea pig serum, also inhibited spreading. This is not reproducible and is discussed below.
Tests for SRF and for presence of antigen. None of the column fractions produced induration in the footpads of normal mice. This may indicate the absence of the molecular species responsible for the SRF reaction or, alternatively, that levels are below those necessary for detection.
None of the column fractions produced induration in the footpads of infected mice. Thus, residual active antigen in each pooled fraction is believed to be less than 13 ,g/ml.
DISCUSSION Activities corresponding to MSF and MIF were regularly found in the same fraction (III). To date we have not been able to separate the two; hence the dual activity may be attributable to the same molecule.
Although neither antigen nor antibody can be completely excluded as the causative agents in the assays for MIF and MSF, the following evidence indicates they are not involved. First, precipitating globulins are detectable only in fractions eluted considerably later than those containing lymphokine activity. Second, no activity was detected in fraction III derived from the control culture supernatants, indicating that neither a unique antigenic fraction, nor the products of infected, but otherwise antigenically unstimulated, spleen cells could be responsible for the activity. Third, the footpad assay for antigen failed to show an immediate or delayed-type reactivity, indicating a maximal antigen concentration of less than 13 Ag/ml.
Since migration inhibition tests employing macrophages from sensitized donors are insensitive to brucella antigen diluted beyond 20,g/ml (unpublished observation), there is not enough antigen available to be responsible for the activity detected. Finally, the MIF and MSF activities were heat stable (unaffected by heating to destroy complement activity), nondialyzable, nontoxic to macrophages (cells survive, maintain normal morphology, and exclude dye during incubation), and migrated anodally to normal albumin. These characteristics correspond to those described for guinea pig MIF by Yoshida et al. (32) .
The production of MIF in response to antigenic stimulation has been shown to be highly specific (4, 5). As previously described, inhibitory activity was occasionally detected in fraction III derived from nonspecifically stimulated lymphocyte cultures. This may be a result of the nonspecific mitogenic effects of bacterial endotoxin for thymic lymphocytes which may in turn initiate the sequence of events leading to MIF production (7, 19) . The reason for the stimulation of macrophage migration by fraction V is not known. Generally, the effect is more frequently observed in the supernatants of actively infected spleen cells, irrespective of subsequent antigenic stimulation. This observation may be a first step in determining the cause for the great difficulty experienced by many workers using the mouse macrophage migration inhibition assay as a test for delayed hypersensitivity. Recent work by Neiburger and Youmans indicates that the macrophage migration inhibition assay could be performed successfully by using a specific strain of inbred mice (16) . In that special case the greater uniformity in the migration and inhibition of the macrophages from different animals could be due not only to their assumed identical potentials for macrophage migration, but also to their ability to produce similar concentrations of migration potentiating or inhibiting agents in given conditions of culture.
Inhibition of macrophage spreading was detected in fraction V only from sensitized, antigen-stimulated spleen cell cultures. This finding may help to explain recent evidence indicating that delayed-type hypersensitivity can be detected by an analysis of the inhibition of macrophage spreading (24, 29) . However, the significance of macrophage spreading in unfractionated supernatants in which an antagonistic activity, MSF, is also present is unknown. The time relationship between initial presence of the two activities in culture as well as the nature of the population(s) of macrophages they affect is currently under investigation.
The inhibition of macrophage spreading has also been detected occasionally, but not consistently, in various fractions of normal guinea pig serum (see fractions II and IV, Table 2 ). This suggests that the activity may be nonspecifically engendered by some step in the procedure and that caution must be used in interpreting the results of spreading inhibition assays.
Guinea pig SRF has been obtained by other workers in MIF-containing supernatants (3) and in Sephadex fractions (19) . We have thus far been unable to detect mouse SRF by using the mouse footpad induration assay. Several possibilities might account for this finding: (i) the mouse does not produce SRF with MIF; (ii) the footpad assay is not sensitive enough for the assay (or the SRF was insufficiently concentrated); or (iii) mouse SRF is independent of mouse MIF and may be lost or destroyed by the preparative method described.
Supernatants from specifically and nonspecifically stimulated lymphoid cells have been shown to cause morphological and cytochemical VOL. 9, 1974 changes in macrophages (14) and to enhance specific and/or nonspecific intracellular bacterial killing (10, 11) . However, the degree of macrophage activation has not always been strictly correlated with any single mediator such as MIF (26, 31) . Therefore, it is advantageous to have a procedure by which several mediators associated with cell-mediated immunity may be rapidly separated for subsequent assay. Hopefully, the one-step fractionation procedure presented will be useful not only for further analysis of the activities discussed, but for others as well.
